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The choice of aqueous media for chemical reactions is becom-
ing more important due to its environment friendly impact and
cost of chemical processes. Using water as the reaction med-
ium offers a number of advantages such as: it is cheap, readily
available, non-toxic, non-ﬂammable and safe for use. Water
often increases the reactivity or selectivity (Manabe et al.,
2002; Engberts and Blandamer, 2001) of the reaction that
could be unattainable in organic solvents. In aqueous media,
the work-up procedure becomes simple and the product may9466 650266; fax: +91 1744
com (R.C. Kamboj).
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4), http://dx.doi.org/10.1016/j.be easily isolated. Thus, reactions in aqueous medium
(Chakraborti et al., 2007; Shen et al., 2008; Mehdi et al.,
2010; Wen et al., 2011) have gained much consideration. Many
benzofurans have been established to be the non-steroidal
anti-inﬂammatory drugs and COX-2 inhibitors (Dawood
et al., 2006a, 2006b). Moreover, these compounds are impor-
tant components of plant extracts that are being used clinically
as antibacterial (Aslam et al., 2009), antimicrobial (Abdel-Aziz
et al., 2009), antitumor (Gangjee et al., 1995) and for their
ability to control calcium level (Kozikowsky et al., 1995). Many
research efforts have been focused on the efﬁcient synthesis of
this privileged structure, but most of these suffer from one
or more limitations such as multistep synthesis (Geary and
Hultin, 2009; Thielges et al., 2004; Zhan et al., 2007; Macleod
et al., 2003), costly or rare availability of catalysts and starting
materials (Eidamshaus and Burch, 2008; Isono and Lautens,
2009; Macleod et al., 2003; Martı´nez et al., 2009; Thielges
et al., 2004; Zhou et al., 2011), prolonged reaction times
(Anderson et al., 2006; Colobert et al., 2005; Hu et al., 2004;
Shang et al., 2010; Karaburun et al., 2006) and usage of toxicier B.V. All rights reserved.
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2 R.C. Kamboj et al.organic solvents (Eidamshaus and Burch, 2008; Macleod et al.,
2003; Martı´nez et al., 2009; Zhou et al., 2011). These necessi-
tate the development of a more convenient and environment-
benign methodology. So, we have focused our attention on
the development of a green and economic route for the synthe-
sis of 2-aroylbenzofurans due to their broad spectrum of bio-
logical effects.2. Experimental
2.1. General
1H NMR (300 MHz and 400 MHz) and 13C NMR (75.4 MHz
and 101 MHz) spectra were recorded on two different Bruker
spectrometer using TMS as an internal standard. IR spectra
were recorded on a MB3000 FT-IR with HORIZON MB
FTIR software from ABB Bomen. The progress of the reac-
tions was monitored by TLC using silica gel 60 F254 aluminium
plates (Merck) and UV chamber was used as a visualizing
agent. Melting points were determined in open capillaries and
are thus uncorrected. The columns for puriﬁcation were packed
with Silica gel (acme’s, 100–200 mesh) in petroleum ether. The
elution was carried out with 99:1 pet-ether/ethyl acetate.
2.2. General procedure for the synthesis of benzofuran (3h)
O-Hydroxyacetophenone 1 (1.0 mmol), a-bromoketone 2
(0.213 g, 1.0 mmol), Na2CO3 (2.0 mmol) and TBAB
(1.0 mmol) were mixed in a mortar with pestle. This mixture
was transferred to a round bottom ﬂask containing 10 ml
water and then reﬂuxed on a heating mental. After completion
of the reaction (30 min, TLC), the reaction mixture was cooled
at room temperature. The brown colored solid thus obtained,
was ﬁltered, dried and puriﬁed by column chromatography on
silica gel (100–200 mesh) using pet-ether/ethyl acetate as eluent
mixture (pet-ether:EtOAc::99:1) to remove the colored impuri-
ties that furnished the pure white product, 3.
2.2.1. 2-Benzoyl-3-methylbenzofuran (3a)
Found: C, 81.30; H, 5.20. Calc. for C16H12O2: C, 81.34; H,
5.12%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.12 (dd, 2H, J= 8.4 Hz, J= 1.5 Hz), 7.72 (dd, 1H,
Jo = 8.1 Hz, Jm = 1.5 Hz), 7.66–7.48 (m, 5H), 7.38–7.33 (m,
1H), 2.67 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)
185.87, 154.30, 148.34, 137.90, 132.58, 128.31, 128.19, 126.84,
123.33, 121.84, 121.60, 121.43, 112.22, 10.02.
2.2.2. 2-(4-Chlorobenzoyl)-3-methylbenzofuran (3b)
Found: C, 70.93; H, 4.02. Calc. for C16H11ClO2: C, 70.99; H,
4.10%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.09 (d, 2H, J= 8.4 Hz), 7.74 (dd, 1H, J= 7.8 Hz,
J= 1.5 Hz), 7.58–7.50 (m, 4H), 7.40–7.35 (m, 1H), 2.69 (s,
3H, CH3); dC (75.4 MHz, CDCl3, Me4Si) 184.39, 154.28,
148.06, 139.02, 136.10, 131.22, 129.13, 128.88, 128.41, 127.44,
123.44, 121.49, 112.21, 10.03; m/z 273.2, 271.2 (M+), 159.1
(100), 139.1, 113.1, 111.1.
2.2.3. 2-(4-Bromobenzoyl)-3-methylbenzofuran (3c)
Found: C, 60.93; H, 3.47. Calc. for C16H11BrO2: C, 60.98; H,
3.52%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,Please cite this article in press as: Kamboj, R.C. et al., A green and
Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1016/j.Me4Si) 7.88 (d, 2H, J= 8.4 Hz), 7.74–7.72 (m, 1H), 7.61–7.37
(m, 4H), 7.26–7.22 (m, 1H), 2.55 (s, 3H, CH3); dC (75.4 MHz,
CDCl3, Me4Si) 184.49, 154.17, 147.89, 136.38, 132.12, 131.53,
130.33, 129.01, 128.39, 127.64, 123.37, 121.45, 112.14, 10.01.
2.2.4. 2-(4-Methylbenzoyl)-3-methylbenzofuran (3d)
Found: C, 81.60; H, 5.61. Calc. for C17H14O2: C, 81.58; H,
5.64%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.04 (d, 2H, J= 8.4 Hz), 7.72 (d, 1H, J= 7.2 Hz),
7.58–7.48 (m, 2H), 7.36–7.34 (m, 1H, H-5), 2.66 (s, 3H,
CH3), 2.48 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)
185.78, 154.33, 148.40, 139.04, 137.80, 131.58, 128.31, 128.19,
127.11, 126.84, 123.09, 121.43, 112.22, 21.66, 10.02.
2.2.5. 2-Benzoyl-5-chloro-3-methylbenzofuran (3e)
Found: C, 70.93; H, 4.14. Calc. for C16H11ClO2: C, 70.99; H,
4.10%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.09 (d, 2H, J= 8.4 Hz), 7.69 (d, 1H, J= 1.5 Hz),
7.67–7.62 (m, 1H), 7.58–7.51 (m, 2H), 7.48–7.47 (m, 2H),
2.63 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si) 185.69,
152.53, 149.36, 137.55, 132.80, 130.54, 129.71, 129.11, 128.44,
128.37, 125.93, 120.94, 113.35, 9.89.
2.2.6. 2-(4-Chlorobenzoyl)-5-chloro-3-methylbenzofuran (3f)
Found: C, 62.92; H, 3.23. Calc. for C16H10Cl2O2: C, 62.97; H,
3.30%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.07 (d, 2H, J= 8.1 Hz), 7.70 (s, 1H), 7.54–7.45 (m,
4H), 2.64 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)
184.18, 152.49, 149.07, 139.30, 135.75, 131.19, 130.44, 129.26,
128.71, 128.68, 126.54, 121.01, 113.34, 9.91; m/z 307.2, 305.2
(M+), 269.2, 195.1, 193.1 (100), 141.1, 139.1, 111.1.
2.2.7. 2-(4-Bromobenzoyl)-5-chloro-3-methylbenzofuran (3g)
Found: C, 54.90; H, 2.81. Calc. for C16H10BrClO2: C, 54.97;
H, 2.88%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz,
CDCl3, Me4Si) 7.99 (d, 2H, J= 8.4 Hz), 7.71–7.68 (m, 3H),
7.48 (s, 2H), 2.64 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)
184.38, 152.51, 149.04, 136.19, 131.71, 131.28, 130.44, 129.27,
128.72, 128.00, 126.60, 121.02, 113.36, 9.92.
2.2.8. 2-(4-Methylbenzoyl)-5-chloro-3-methylbenzofuran (3h)
Found: C, 71.75; H, 4.64. Calc. for C17H13ClO2: C, 71.71; H,
4.60%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.01 (d, 2H, J= 8.4 Hz), 7.68 (d, 1H, J= 1.5 Hz),
7.43–7.50 (m, 2H), 7.35 (d, 2H), 2.62 (s, 3H, CH3), 2.48 (s,
3H, CH3); dC (75.4 MHz, CDCl3, Me4Si) 185.87, 154.30,
148.34, 144.00, 137.90, 132.58, 131.28, 130.44, 129.88, 129.08,
128.26, 120.87, 113.30, 29.67, 9.89; m/z 287.3, 285.3 (M+),
259.2, 257.1 (100), 195.1, 193.1, 141.1, 137.1.
2.2.9. 2-benzoyl-5-bromo-3-methylbenzofuran (3i)
Found: C, 60.94; H, 3.48. Calc. for C16H11BrO2: C, 60.98; H,
3.52%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.08 (d, 2H, J= 7.2 Hz), 7.85 (d, 1H), 7.67–7.52 (m,
4H), 7.44 (d, 2H, J= 8.1 Hz), 2.62 (s, 3H, CH3); dC
(75.4 MHz, CDCl3, Me4Si) 185.62, 152.86, 149.15, 137.52,
132.89, 132.80, 131.14, 131.06, 129.72, 128.37, 125.78, 124.09,
116.47, 113.77, 9.89; m/z 317.0, 315.0 (M+), 238.9, 236.9
(100), 182.9, 105.0.convenient synthesis of 2-aroylbenzofurans in aqueous media.
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Table 1 Optimization of the reaction conditions.a
Entry Base PTC Time (min) Yieldb (%)
1 Na2CO3/1.0 eq – 180 –
2 Na2CO3/1.0 eq TBAB/0.5 eq 30 62
3 Na2CO3/1.0 eq TBAB/1.0 eq 30 75
4 Na2CO3/1.0 eq TBAB/1.5 eq 30 74
5 Na2CO3/2.0 eq TBAB/1.0 eq 30 81
6 Na2CO3/2.5 eq TBAB/1.0 eq 30 78
7 Na2CO3/2.0 eq TBAI/1.0 eq 30 74
8 Na2CO3/2.0 eq CTAB/1.0 eq 30 68
9 K2CO3/2.0 eq TBAB/1.0 eq 30 79
10 Et3N/2.0 eq TBAB/1.0 eq 30 27
11 Et3N/2.0 eq TBAB/1.0 eq 240 48
12 C5H5N/2.0 eq TBAB/1.0 eq 30 31
13 C5H5N/2.0 eq TBAB/1.0 eq 240 57
14 NaOH/2.0 eq TBAB/1.0 eq 30 18
15 KOH/2.0 eq TBAB/1.0 eq 30 15
TBAI, tetra-n-butylammoniumiodide; CTAB, cetyltrimethylamm-
oniumbromide.
a Reaction condition: 5-chloro-2-hydroxyacetophenone 1b (1.0 mmol),
2-bromo-1-(4-methylphenyl)ethanone 2d (1.0 mmol), H2O (10 ml).
b Yield obtained after column chromatography.
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Figure 1 Mass fragmentation pattern of 2-(4-Methylbenzoyl)-5-
chloro-3-methylbenzofuran 3h.
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Found: C, 54.94; H, 2.82. Calc. for C16H10BrClO2: C, 54.97;
H, 2.88%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz,
CDCl3, Me4Si) 8.07 (d, 2H, J= 8.4 Hz), 7.85 (d, 1H,
J= 1.2 Hz), 7.60 (dd, 1H, Jo = 8.7 Hz, J= 1.8 Hz), 7.52 (d,
2H, J= 8.4 Hz), 7.44 (d, 1H, J= 8.4 Hz), 2.63 (s, 3H,
CH3); dC (75.4 MHz, CDCl3, Me4Si) 184.10, 152.83, 148.87,
139.30, 135.72, 132.89, 131.30, 131.19, 131.03, 128.71, 126.37,
124.16, 116.61, 113.75, 9.91; m/z 353.2, 351.2, 349.2 (M+),
239.1, 237.1 (100), 141.1, 139.1, 111.1.
2.2.11. 2-(4-Bromobenzoyl)-5-bromo-3-methylbenzofuran (3k)
Found: C, 48.72; H, 2.51. Calc. for C16H10Br2O2: C, 48.77; H,
2.56%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 7.99 (d, 2H, J= 8.4 Hz), 7.86 (s, 1H), 7.69 (d, 2H,
J= 8.4 Hz), 7.61 (d, 1H, J= 8.7 Hz), 7.44 (d, 1H,
J= 8.7 Hz), 2.64 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)
184.37, 152.87, 148.85, 136.18, 131.71, 131.35, 131.28, 131.05,
128.01, 126.43, 124.19, 116.62, 113.77, 9.87; m/z 396.8, 394.8,
392.8 (M+), 238.9, 236.9 (100), 184.9, 182.9, 156.9, 154.9.
2.2.12. 2-(4-Methylbenzoyl)-5-bromo-3-methylbenzofuran (3l)
Found: C, 62.08; H, 3.94. Calc. for C17H13BrO2: C, 62.03; H,
3.98%; mmax (Neat)/cm
1 1628 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.01 (d, 2H, J= 8.1 Hz), 7.85 (d, 1H, J= 1.8 Hz), 7.58
(dd, 1H, J= 9.0 Hz, J= 1.8 Hz), 7.44 (d, 1H, J= 8.7 Hz),
7.35 (d, 2H, J= 8.1 Hz), 2.61 (s, 3H, CH3), 2.48 (s, 3H,
CH3); dC (75.4 MHz, CDCl3, Me4Si) 185.32, 152.81, 149.35,
143.73, 134.91, 131.19, 130.90, 129.91, 129.10, 125.35, 124.04,
116.40, 113.74, 21.72, 9.87.
2.2.13. 2-Benzoyl-3,5-dimethylbenzofuran (3m)
Found: C, 81.52; H, 5.67. Calc. for C17H14O2: C, 81.58; H,
5.64%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.00–7.98 (m, 2H), 7.51–7.49 (m, 1H), 7.45–7.41 (m,
2H), 7.37 (s, 1H), 7.32 (d, 1H, J= 8.1 Hz), 7.21 (dd, 1H,
J= 8.1 Hz, J= 1.2 Hz), 2.53 (s, 3H, CH3), 2.40 (s, 3H,
CH3); dC (75.4 MHz, CDCl3, Me4Si) 185.89, 152.84, 148.54,
137.98, 132.90, 132.48, 130.08, 129.78, 129.30, 128.27, 127.97,
126.67, 120.92, 111.76, 21.36, 10.03; m/z 251.1 (M+), 236.9,
173.0 (100), 117.0, 105.0.
2.2.14. 2-(4-Chlorobenzoyl)-3,5-dimethylbenzofuran (3n)
Found: C, 71.75; H, 4.63. Calc. for C17H13ClO2: C, 71.71; H,
4.60%; mmax (Neat)/cm
1 1636 (C‚O); dH (300 MHz, CDCl3,1a-1e
O
Br
OH
CH3
O
R1
TBAB, Na
R3
R2
H2O, reflux
1a; R1 = H, R2 = H
1b; R1 = Cl, R2 = H
1c; R1 = Br, R2 = H
1d; R1 = CH3, R2 = H
1e; R1 = Cl, R2 = CH3
2a; R3 = H
2b; R3 = Cl
2c; R3 = Br
2d; R3 = CH3
2a-2d
Scheme 1 Synthesis of 2-aroylb
Please cite this article in press as: Kamboj, R.C. et al., A green and
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1H, J= 8.4 Hz), 7.34 (d, 1H, J= 8.4 Hz), 2.66 (s, 3H,
CH3), 2.51 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)3a; R1 = H, R2 = H, R3 = H: 3b; R1 = H, R2 = H, R3 = Cl
3c; R1 = H, R2 = H, R3 = Br: 3d; R1 = H, R2 = H, R3 = CH3
3e; R1 = Cl, R2 = H, R3 = H: 3f; R1 = Cl, R2 = H, R3 = Cl
3g; R1 = Cl, R2 = H, R3 =Br: 3h; R1 = Cl, R2 = H, R3 = CH3
3i; R1 = Br, R2 = H, R3 = H: 3j; R1 = Br, R2 = H,R3 = Cl
3k; R1 = Br, R2 = H, R3 = Br: 3l; R1 = Br, R2 = H, R3 = CH3
3m; R1 = CH3, R2 = H, R3 = H: 3n; R1 = CH3, R2 = H, R3 = Cl
3o; R1 = CH3, R2 = H, R3 = Br: 3p; R1 = CH3, R2 = H, R3 = CH3
3q; R1 = Cl, R2 = CH3, R3 = H: 3r; R1 = Cl, R2 = CH3, R3 = Cl
3s; R1 = Cl, R2 = CH3, R3 = Br: 3t; R1 = Cl, R2 = CH3 , R3 = CH3
3a-3t
O
CH3
O
R3
R1
2CO3
R2
, 30 min
enzofuran derivatives 3a–3t.
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Table 2 Screening of various solvents for the synthesis of 3h.a
Entry Solvent Condition Yieldb (%)
1 Acetone Reﬂux/30 min 42
2 Acetone Reﬂux/240 minc 73
3 THF Reﬂux/30 min 39
4 THF Reﬂux/240 minc 71
5 Ethanol Reﬂux/30 min 37
6 Ethanol Reﬂux/300 minc 64
7 DMF Reﬂux/30 min 68
8 DMF Reﬂux/60 minc 78
9 DCM Reﬂux/30 min 31
10 DCM Reﬂux/270 minc 72
11 Water rt/over night –
12 Water 60 C/360 min 18
13 Water 80 C/360 min 47
14 Water Reﬂux/30 minc 81
a Reaction condition: 5-chloro-2-hydroxyacetophenone 1b
(1.0 mmol), 2-bromo-1-(4-methylphenyl)ethanone 2d. (1.0 mmol),
solvent (10 ml), Na2CO3 (2.0 equiv) and TBAB (1.0 equiv).
b Yield obtained after column chromatography.
c Time required for completion of the reaction.
4 R.C. Kamboj et al.184.37, 152.82, 148.27, 138.91, 136.19, 133.06, 131.21, 130.01,
129.20, 128.59, 127.27, 120.97, 111.73, 21.35, 10.02.
2.2.15. 2-(4-Bromobenzoyl)-3,5-dimethylbenzofuran (3o)
Found: C, 62.08; H, 3.93. Calc. for C17H13BrO2: C, 62.03; H,
3.98%; mmax (Neat)/cm
1 1636 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.01 (d, 2H, J= 8.4 Hz), 7.68 (d, 2H, J= 8.4 Hz), 7.50
(s, 1H), 7.43 (d, 1H, J= 8.4 Hz), 7.34 (d, 1H, J= 8.1 Hz),
2.66 (s, 3H, CH3), 2.52 (s, 3H, CH3); dC (75.4 MHz, CDCl3,
Me4Si) 184.56, 152.83, 148.23, 136.62, 133.07, 131.58, 131.31,
130.04, 129.20, 127.59, 127.33, 120.98, 111.74, 21.36, 10.03.
2.2.16. 2-(4-Methylbenzoyl)-3,5-dimethylbenzofuran (3p)
Found: C, 81.73; H, 6.14. Calc. for C18H16O2: C, 81.79; H,
6.10%; mmax (Neat)/cm
1 1628 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.03 (d, 2H, J= 8.1 Hz), 7.49 (s, 1H), 7.44 (d, 1H,
J= 8.4 Hz), 7.36–7.30 (m, 3H), 2.63 (s, 3H, CH3), 2.53 (s,OH
CH3
O
ONa
CH3
O
B
ClCl
Na2CO3
-H2O
1b
O O
Cl
CH3
CH33h
O
Cl
CHO
H
Na
1
2
3
4
6
7
1′
3′
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Scheme 2 Mechanism for the synthesis of 2-(4-M
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185.63, 152.76, 148.71, 143.30, 135.33, 132.82, 129.91, 129.59,
129.33, 129.00, 126.24, 120.86, 111.72, 29.69, 21.36, 9.99.
2.2.17. 2-benzoyl-5-chloro-3,6-dimethylbenzofuran (3q)
Found: C, 71.78; H, 4.65. Calc. for C17H13ClO2: C, 71.71; H,
4.60%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.08 (d, 2H, J= 7.2 Hz), 7.69 (s, 1H), 7.66–7.61 (m,
1H, J= 7.2 Hz), 7.54 (m, 2H), 7.44 (s, 1H), 2.61 (s, 3H,
CH3), 2.53 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si)
185.65, 152.93, 148.81, 137.72, 136.68, 132.64, 129.96, 129.69,
128.46, 128.31, 126.17, 121.08, 113.78, 21.20, 10.00; m/z
287.0, 285.0 (M+), 209.0, 207.0 (100), 105.0.
2.2.18. 2-(4-Chlorobenzoyl)-5-chloro-3,6-dimethylbenzofuran
(3r)
Found: C, 63.93; H, 3.75. Calc. for C17H12Cl2O2: C, 63.97; H,
3.79%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz, CDCl3,
Me4Si) 8.06 (d, 2H, J= 8.4 Hz), 7.69 (s, 1H), 7.51 (d, 2H,
J= 8.1 Hz), 7.43 (s, 1H), 2.63 (s, 3H, CH3), 2.54 (s, 3H,
CH3); dC (75.4 MHz, CDCl3, Me4Si) 184.13, 152.91, 148.52,
139.13, 136.99, 135.92, 131.18, 130.11, 128.66, 128.36, 126.80,
121.15, 113.77, 21.24, 10.04; m/z 322.2, 321.2, 319.2 (M+),
209.2, 207.2 (100), 141.1, 139.1, 111.1.
2.2.19. 2-(4-Bromobenzoyl)-5-chloro-3,6-dimethylbenzofuran
(3s)
Found: C, 56.19; H, 3.36. Calc. for C17H12BrClO2: C, 56.15;
H, 3.33%; mmax (Neat)/cm
1 1643 (C‚O); dH (300 MHz,
CDCl3, Me4Si) 7.94 (d, 2H, J= 8.8 Hz), 7.64 (d, 2H,
J= 8.8 Hz), 7.40 (s, 1H), 7.24 (s, 1H), 2.58 (s, 3H, CH3),
2.50 (s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si) 184.13,
152.93, 137.02, 136.37, 131.64, 131.27, 130.13, 128.37, 128.22,
126.84, 121.16, 113.78, 21.23, 10.03.
2.2.20. 2-(4-Methylbenzoyl)-5-chloro-3,6-dimethylbenzofuran
(3t)
Found: C, 72.39; H, 5.09. Calc. for C18H15ClO2: C, 72.36; H,
5.06%; mmax (Neat)/cm
1 1628 (C‚O); dH (300 MHz, CDCl3,r O
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Table 3 Synthesis of various substituted 2-aroylbenzofurans 3a–3t.a
Entry Product R1 R2 R3 Yieldb (%) Observed mp (C) Literature mp (C)
1 3a H H H 76 196–198 202c
2 3b H H Cl 70 104–106 105c
3 3c H H Br 75 106–108 103–105d
4 3d H H CH3 69 104–106 –
5 3e Cl H H 72 100–102 103c
6 3f Cl H Cl 73 118–120 123c
7 3g Cl H Br 78 110–112 –
8 3h Cl H CH3 81 100–102 –
9 3i Br H H 68 78–80 –
10 3j Br H Cl 65 98–100 –
11 3k Br H Br 80 126–128 –
12 3l Br H CH3 70 96–98 –
13 3m CH3 H H 68 80–82 84
c
14 3n CH3 H Cl 72 120–122 121
c
15 3o CH3 H Br 82 102–104 –
16 3p CH3 H CH3 70 100–102 –
17 3q Cl CH3 H 73 104–106 –
18 3r Cl CH3 Cl 68 140–142 –
19 3s Cl CH3 Br 77 144–146 –
20 3t Cl CH3 CH3 83 142–144 –
a Reaction condition: o-hydroxyacetophenone 1a–1e (1.0 mmol), a-bromoketones 2a–2d (1.0 mmol), water (10 ml), Na2CO3 (2.0 equiv) and
TBAB (1.0 equiv).
b Yield obtained after column chromatography.
c Karaburun et al. (2006).
d Shariﬁ et al. (2008).
Table 4 Comparative data for the synthesis of 3a.
Entry Solvent Base Catalyst Condition Yielda (%) References
1 Acetonitrile K2CO3 – Reﬂux/180 min 63 Karaburun et al. (2006)
2 – KF Al2O3 rt/1200 min 75 Shariﬁ et al. (2008)
3 Water Na2CO3 DMAP
b 80 C/300 min 72 Shang et al. (2010)
4 Water Na2CO3 TBAB Reﬂux/30 min 76 Present work
a Isolated yield;
b DMAP: 4-dimethylaminopyridine.
A green and convenient synthesis of 2-aroylbenzofurans in aqueous media 5Me4Si) 8.00 (d, 2H, J= 8.1 Hz), 7.68 (s, 1H), 7.43 (s, 1H), 7.34
(d, 2H, J= 8.1 Hz), 2.60 (s, 3H, CH3), 2.53 (s, 3H, CH3), 2.48
(s, 3H, CH3); dC (75.4 MHz, CDCl3, Me4Si) 185.33, 152.87,
148.99, 143.53, 136.48, 135.08, 129.89, 129.05, 128.50, 125.74,
121.03, 120.40, 113.75, 21.71, 21.19, 9.99.
2.2.21. 2-(2-Acetyl-4-chlorophenoxy)-1-(4-
methylphenyl)ethanone (4h)
White solid; mp 138-140 C; mmax (Neat)/cm1 1705, 1659
(C‚O); dH (300 MHz, CDCl3, Me4Si) 7.89 (d, 2H,
J= 8.1 Hz), 7.75 (d, 1H, J= 2.7 Hz), 7.39-7.33 (m, 3H),
5.41 (s, 2H, CH2), 2.72 (s, 3H, CH3), 2.47 (s, 3H, CH3).3. Results and discussion
Herein, the 2-aroylbenzofuran derivatives 3a–3t have been
synthesized by a phase transfer catalyzed Rap-Stoermer
(Anderson et al., 2006; Hu et al., 2004; Shang et al., 2010;
Karaburun et al., 2006; Yoshizawa et al., 2003) type cyclocon-
densation between o-hydroxyacetophenones 1a–1e andPlease cite this article in press as: Kamboj, R.C. et al., A green and
Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1016/j.a-bromoketones 2a–2d in water using a mild base, Na2CO3
(Scheme 1).
In the beginning, with a motive to develop a green protocol
for the synthesis of 2-aroylbenzofurans, water was examined as
a solvent for the cyclocondensation reaction of 5-chloro-2-
hydroxyacetophenone 1b and 2-bromo-1-(4-methylphenyl)eth-
anone 2d as a model reaction system in the presence of
Na2CO3 as a base, under reﬂux condition (Table 1). In this
case, no reaction occurred (entry 1), even after reﬂuxing for
180 min. which may be ascribed to the solubility concern.
But, when this reaction was examined in the presence of tet-
ra-n-butylammoniumbromide (TBAB) as a phase transfer cat-
alyst (PTC) under similar reaction conditions, the reaction
occurred and was found to be completed within 30 min
(TLC), and furnished the signiﬁcant amount of desired prod-
uct 3h (entry 2, Table 1). The product 3h was characterized
by its IR, 1H NMR, 13C NMR spectra (vide experimental)
and its mass fragmentation pattern (Fig. 1). Its IR spectrum
exhibited a strong absorption band at 1643 cm1 (C‚O).
The protons H-200 and H-600 appeared as a doublet at d 8.01
(Jo = 8.4 Hz). The doublet located at d 7.68 (Jm = 1.5 Hz)convenient synthesis of 2-aroylbenzofurans in aqueous media.
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6 R.C. Kamboj et al.was due to the proton H-4. The multiplet in the region d 7.50-
7.43 was due to the protons H-6 and H-7. The two protons H-
300 and H-500 gave a doublet at d 7.35 (Jo = 8.4 Hz). The 3-CH3
group protons showed a singlet at d 2.62. A singlet at d 2.48
integrating with three protons represented the 400-CH3 group
protons. Ultimately, the structure of 3h was conﬁrmed by its
mass fragmentation pattern (Fig. 1). The molecular ion peak
was observed at m/z 285.3/287.3.
After screening the various combinations of PTCs and
bases (entries 3–15, Table 1), the combination of TBAB (1.0
equiv) with Na2CO3 (2.0 equiv) was found to be optimal for
the reaction, in which 81% yield was obtained (entry 5).
In order to check the efﬁcacy of the reaction, the synthesis
of compound 3h was also carried out in different solvents. It
was found that water is superior to other solvents like DMF,
acetone, THF, DCM and ethanol under reﬂux condition
(Table 2).
In aqueous as well as in organic media, reaction of
5-chloro-2-hydroxyacetophenone 1b and 2-bromo-1-(4-meth-
ylphenyl)ethanone 2d furnished the product 3h (Scheme 2)
along with another product (TLC) when reﬂuxed for short
periods that was isolated by column chromatography, and
characterized as O-alkylated compound 4h (mp 138–140 C)
on the basis of its spectral data. The IR spectrum of 4h in its
functional group region displayed two strong absorption
bands at 1705 and 1659 cm1 due to two carbonyl groups.
In the 1H NMR spectrum, the protons H-200 and H-600 showed
a doublet at d 7.89 (Jo = 8.1 Hz). A doublet at d 7.75
(Jm = 2.7 Hz) was due to the proton H-3
0. The three protons
H-50, H-300 and H-500 gave an unresolved multiplet between d
7.39 and 7.33. A doublet at d 6.81 (Jo = 8.7 Hz) was due to
the proton H-60.The two protons of 2-CH2 showed a sharp
singlet at d 5.41. A sharp singlet integrating with three protons
at d 2.72 may be assigned to –COCH3. The 400-CH3 group
showed a sharp singlet at d 2.47.
The complete conversion of the O-alkylated compound 4h
to the compound 3h (TLC) took place after 240, 240, 300,
60, 270, and 30 min in acetone, THF, ethanol, DMF, DCM,
and in water, respectively (entries 2, 4, 6, 8, 10 and 14,
Table 2).
On the basis of isolated compound 4h, a plausible mecha-
nism for the synthesis of 2-(4-Methylbenzoyl)-5-chloro-3-
methylbenzofuran 3h is sketched in Scheme 2. Initially,
O-alkylation of o-hydroxyacetophenone 1bwith a-bromoketone
2d takes place in the presence of Na2CO3 to form the O-alkyl-
ated compound 4h, and its subsequent cyclocondensation
through the enolate ‘‘A’’ produced by the abstraction of pro-
ton by the base yielded the target compound.
To generalize this method, various substituted o-hydroxy-
acetophenones 1a–1e and a-bromoketones 2a–2d were taken
for the synthesis of various 2-aroylbenzofurans 3a–3t using
the optimized reaction conditions in aqueous media, and the
results are summarized in Table 3.
Some of the above benzofurans (Table 3; 3a, 3b, 3c, 3e, 3f,
3m and 3n), synthesized in the present work, have also been
prepared by different workers using different methodologies
(Shariﬁ et al., 2008; Shang et al., 2010; Karaburun et al.,
2006) which required the longer reaction time, high tempera-
ture and/or toxic organic solvents. For example, a comparative
data for the synthesis of 2-benzoyl-3-methylbenzofuran 3a is
provided in the Table 4 which shows the superiority of the
present method over the earlier reported methods.Please cite this article in press as: Kamboj, R.C. et al., A green and
Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1016/j.Finally, to express the practical applicability of this proto-
col on a preparative scale, some reactions were carried out on
gram scale (30 mmol) using the following combinations of sub-
strates: 1a with 2b; 1b with 2b; 1d with 2a, and 1e with 2c to
obtain 3b, 3f, 3m and 3s, respectively. To our expectations,
the reactions proceeded smoothly to afford the target com-
pounds in high yields as obtained in similar reactions on milli-
gram scale (entries 2, 6, 13 and 19, respectively, Table 3), which
demonstrated the practical utility of this method.
4. Conclusion
In conclusion, a green and convenient method for the synthesis
of 2-aroylbenzofuran derivatives in high yields using water as
reaction media and TBAB as phase transfer catalyst has been
developed in the present study. This protocol involves a signif-
icant enhancement in yields in shorter span of time under envi-
ronmentally benign conditions compared to the reported
routes. Moreover, this synthetic strategy can be utilized for
the construction of many other novel heterocyclic compounds
of pharmaceutical importance.Acknowledgement
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